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(57) ABSTRACT

A self-aligned repairing process for a barrier layer is pro-
vided. A repair layer is formed by chemical vapor deposition
using an organometallic compound as a precursor gas. The
precursor gas adsorbed on a dielectric layer exposed by
defects in a barrier layer is transformed to an insulating metal
oxide layer, and the precursor gas adsorbed on the barrier
layer is transformed to a metal layer.
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Forming damascene openings in a dielectric layer —110
Forming a barrier layer on the dielectric layer ~120
Depositing a precursor layer on the barrier layer —~—130
Transforming the precursor layer to a repair layer L —-140
Forming a seed layer on the repair layer 150
Forming a metal layer on the seed layer —~—160
Removing layers above the dielectric layer ~170

Fig. 1
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1
SELF-ALIGNED REPAIRING PROCESS FOR
BARRIER LAYER

BACKGROUND

As the design rule for integrated circuits is continuously
scaled down, the dimension of damascene opening is con-
tinuously reduced. Therefore, the step coverage of a barrier
layer covering the inner surface of the damascene opening is
getting worse, and defects may be formed in the barrier layer.
For example, if 30-50 A of barrier layer is blanket deposited
on a wafer, the thickness of the barrier layer on sidewalls of
openings, including vias and trenches, may be less than 5-10
A Therefore, defects can be easily formed in the barrier layer
located on sidewalls of openings.

Since barrier layer is used to surrounding the later formed
metal interconnect to prevent metal from diffusing into the
dielectric layer where the damascene opening is located,
these defects in the barrier layer provide passages for the
metal diffusion. Moreover, the low-k dielectric layer mostly
made from porous dielectric materials make the problem of
metal diffusion through defects in the barrier layer more
serious, since the larger the total pore volume of the porous
dielectric material has, the lower the dielectric constant of the
porous dielectric material has.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is noted that, in accordance with the stan-
dard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be
arbitrarily increased or reduced for clarity of discussion.

FIG. 1is a flowchart of a self-aligned repairing process for
a barrier layer according some embodiments of this disclo-
sure.

FIGS. 2A-2G are cross-sectional diagrams showing a self-
aligned repairing process for a barrier layer according some
embodiments of this disclosure.

The drawings, schematics and diagrams are illustrative and
not intended to be limiting, but are examples of embodiments
of'the disclosure, are simplified for explanatory purposes, and
are not drawn to scale.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the invention. Specific examples of components and arrange-
ments are described below to simplify the present disclosure.
These are, of course, merely examples and are not intended to
be limiting. For example, the formation of a first feature over
or on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed between
the first and second features, such that the first and second
features may not be in direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations dis-
cussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be used
herein for ease of description to describe one element or
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2

feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

According to some embodiments, a self-aligned repairing
process for a barrier layer is provided. A damascene opening
is formed in a dielectric layer on a substrate, and the surface
of the dielectric layer has free hydroxyl groups. A barrier
layer is then on the dielectric layer to cover inner surfaces of
the damascene opening. A precursor layer is formed on the
barrier layer by chemical vapor deposition using an organo-
metallic compound containing a central metal atom as a pre-
cursor gas, wherein the central metal atom can be Al, Ru, Co,
Mn, or Ta, for example. Finally, the precursor layer is trans-
formed to a repair layer. The precursor layer on the dielectric
layer exposed by defects in the barrier layer is transformed to
an insulating metal oxide layer, and the precursor layer on the
barrier layer is transformed to a metal layer.

According to some other embodiments, a method of form-
ing a damascene structure is provided. A damascene opening
is formed in a dielectric layer on a substrate, and the surface
of the dielectric layer has free hydroxyl groups. A barrier
layer is then on the dielectric layer to cover inner surfaces of
the damascene opening. A repair layer is deposited on the
barrier layer by chemical vapor deposition using an organo-
metallic compound containing a central metal atom as a pre-
cursor gas. The central metal atom can be Al, Ru, Co, Mn, or
Ta, for example. The precursor gas adsorbed on the dielectric
layer exposed by defects in the barrier layer is transformed to
an insulating metal oxide layer, and the precursor gas
adsorbed on the barrier layer is transformed to a metal layer.
Next, a seed layer is deposited on the repair layer. A metal
layer is formed on the seed layer to fill in the damascene
opening. An upper portion of the metal layer, the seed layer,
the repair layer, the barrier layer, and the dielectric layer is
then removed to form a metal interconnect in the damascene
opening.

According to some other embodiments, a damascene struc-
ture is also provided. In the damascene structure, a dielectric
layer is disposed on a substrate, wherein the dielectric layer
has a damascene opening. A barrier layer is disposed on inner
surface of the damascene opening. A repair layer is disposed
on the barrier layer, wherein the repair layer disposed on the
barrier layer is composed of a metal, and the repair layer
disposed on the dielectric layer exposed by defects in the
barrier layer is composed of insulating metal oxide. A seed
layer is disposed on the repair layer. A metal interconnect is
disposed in the damascene opening.

FIG. 1is a flowchart of a self-aligned repairing process for
a barrier layer according some embodiments of this disclo-
sure. FIGS. 2A-2G are cross-sectional diagrams showing a
self-aligned repairing process for a barrier layer according
some embodiments of this disclosure. FIGS. 1 and 2A-2G are
referred below at the same time.

In step 110 of FIG. 1 and FIG. 2A, damascene openings
215 are formed in a dielectric layer 210 on a substrate 200.
The dielectric layer 210 can be made from a low-k dielectric
material having some free hydroxyl (—OH) groups on the
surface thereof. The low-k dielectric material is defined to be
a dielectric material have a dielectric constant lower than the
dielectric constant of silicon dioxide. Common low-k dielec-
tric material includes fluorine-doped silicon dioxide, carbon-
doped silicon dioxide, porous silicon dioxide, porous carbon-
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doped silicon dioxide, spin-on silicone based polymeric
dielectric (such as hydrogen silsesquioxane (HSQ) and meth-
ylsilsesquioxane (MSQ)). The method of forming the dama-
scene openings 215 can be photolithography and etching, for
example.

In step 120 of FIG. 1 and FIG. 2B, a barrier layer 225 is
formed on the dielectric layer 210 and on the inner surface of
the damascene openings 215. The barrier layer 220 on side-
walls of the damascene openings 215 may have some defects
225. The material of the barrier layer 220 can be metal or
conductive ceramics. The metal above can be cobalt, ruthe-
nium, tantalum, chromium, nickel, nichrome, hafnium, nio-
bium, zirconium, vanadium, or tungsten, for example. The
conductive ceramics above can be tantalum nitride, indium
oxide, copper silicide, tungsten nitride, or titanium nitride, for
example. The formation method of the barrier layer 220 can
be physical vapor deposition or chemical vapor deposition.

Next, a repair layer is formed on the barrier layer 220 by
chemical vapor deposition. The whole process of the forma-
tion of the repair layer can be divided into two stages. In the
first stage (i.e. the step 130 of FIG. 1 and FIG. 2C), a precursor
gas is adsorbed on the surface of the barrier layer 220 and the
dielectric layer 210 exposed by defects 225 in the barrier layer
220 to form a precursor layer 230. The precursor gas is an
organometallic compound containing a central metal atom
and surrounding organic ligands.

In the second stage (i.e. the step 140 of FIG. 1 and FIG.
2D), the precursor layer 230 is transformed to a repair layer
235 including a metal portion 235a and an insulating metal
oxide portion 2355. The metal portion 235a is transformed
from the precursor layer 230 adsorbed on the barrier layer
220. However, the insulating metal oxide portion 2356 is
transformed from the precursor layer 230 adsorbed on the
dielectric layer 210 exposed by the defects 225 in the barrier
layer 220, since the surface of the dielectric layer 220 has
some free hydroxyl groups, which can coordinate to the cen-
tral metal atom of the precursor gas. Therefore, the organo-
metallic compound coordinated by the free hydroxyl groups
of the dielectric layer 210 is transformed to insulating metal
oxide.

The central metal atom above can be Al, Ru, Co, Mn, or Ta,
for example. When the central metal atom is Al, the organo-
metallic compound can be trimethylaluminum [Al(CH);], or
triethylaluminum [ Al(C,Hjs);], for example.

When the central metal atom is Ru, the organometallic
compound can be tricarbonyl[(1,2,3,4-eta)-1,3-cyclohexadi-
eneruthenium, triruthenium dodecacarbonyl [Ru,(CO),,],
bis(ethylcyclopentadienyl) ruthenium [Ru(EtCp),], bis(me-
thylcyclopentadienyl) ruthenium [Ru(MeCp), ], or tris(acety-
lacetonate) ruthenium [Ru(acac),], for example.

When the central metal atom is Co, the organometallic
compound can be dicarbonyl cyclopentadiene [CpCo(CO),],
or dicobalt hexacarbonyl tert-butylacetylene [Co,(CO)q
[HC=C—C(CH,),], for example.

When the central metal atom is Mn, the organometallic
compound can be dimanganese decacarbonyl [Mn,(CO),,].

When the central metal atom is Ta, the organometallic
compound can be pentakis(dimethylamino) tantalum [Ta
(NMe,)s], tris(dimethylamino) (tert-amylimido) tantalum
[Ta—N-1-C;H, ,(NMe,),], tris(ethylmethylamino) (tert-bu-
tylimido) tantalum [Ta—N-t-Bu(NMeEt),], or tris(diethy-
lamino) (tert-butylimido) tantalum [ Ta—N-t-Bu(NEt,),], for
example.

The chemical vapor deposition (CVD) above can be ther-
mal CVD, plasma-enhanced CVD, metal-organic CVD,
atomic layer deposition (ALD), thermal ALD, or plasma-
enhanced ALD, for example.
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In step 150 of FIG. 1 and FIG. 2E, a seed layer 240 for a
later formed metal layer is formed on the repair layer 235. The
seed layer 240 can be made from Cu, Co, Al, Ag, or any
combinations thereof, for example. The formation method of
the seed layer 240 can be sputtering or evaporation.

In step 160 of FIG. 1 and FIG. 2F, a metal layer 250 is next
formed on the seed layer 240. The metal layer 250 can be
made from copper, for example. The formation method of the
metal layer 250 can be electroplating, for example.

Finally, in step 170 and FIG. 2G, a top portion of the metal
layer 250, the seed layer 240, the repair layer 235, the barrier
layer 220, and the dielectric layer 210 are removed to leave
metal interconnects 250q in the damascene openings 215.
The removal method can be chemical mechanical polishing,
for example.

Accordingly, a self-aligned repairing process for a barrier
layer is provided. The repair layer is formed by chemical
vapor deposition. An organometallic compound is used as a
precursor gas. The precursor gas adsorbed on the dielectric
layer exposed by defects in the barrier layer is transformed to
an insulating metal oxide layer, and the precursor gas
adsorbed on the barrier layer is transformed to a metal layer.
Therefore, the later-formed metal interconnects and the
dielectric layer can be completely isolated by the barrier layer
and the repair layer to prevent the metal of the metal inter-
connects from diffusing into the dielectric layer through
defects in the barrier layer.

The foregoing outlines features of several embodiments so
that those skilled in the art may better understand the aspects
of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled in the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What is claimed is:

1. A method of forming barrier layer, comprising:

forming a damascene opening in a dielectric layer on a

substrate, wherein a surface of the dielectric layer has
free hydroxyl groups;

forming a barrier layer on the dielectric layer to cover inner

surfaces of the damascene opening;

depositing a precursor layer on the barrier layer by chemi-

cal vapor deposition using an organometallic compound
containing a central metal atom as a precursor gas,
wherein the central metal atom is Al, Ru, Co, Mn, or Ta;
transforming the precursor layer to a repair layer, wherein
the precursor layer on the dielectric layer exposed by
defects in the barrier layer is transformed to an insulat-
ing metal oxide portion and the precursor layer on the
barrier layer is transformed to a metal portion; and
conformally forming a seed layer on the repair layer.

2. The method of claim 1, wherein the barrier layer is made
from a metal containing Co, Ru, Ta, or any combinations
thereof, or a conductive ceramics, which is tantalum nitride,
indium oxide, copper silicide, tungsten nitride, or titanium
nitride.

3. The method of claim 1, wherein the organometallic
compound is trimethylaluminum, or triethylaluminum.

4. The method of claim 1, wherein the organometallic
compound is tricarbonyl[(1,2,3,4-eta)-1,3,-cyclohexadiene]
ruthenium, triruthenium dodecacarbonyl, bis(ethylcyclopen-
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tadienyl) ruthenium, bis(methylcyclopentadienyl) ruthe-
nium, or tris(acetylacetonate) ruthenium.

5. The method of claim 1, wherein the organometallic
compound is cobalt dicarbonyl cyclopentadiene, or dicobalt
hexacarbonyl tert-butylacetylene.

6. The method of claim 1, wherein the organometallic
compound is dimanganese decacarbonyl.

7. The method of claim 1, wherein the organometallic
compound is pentakis(dimethylamino) tantalum, (tert-butyl-
imido) tris(ethylmethylamido) tantalum, tris(diethylamino)
(tert-butylimido) tantalum, or (tert-amylimido) tris(dimethy-
lamido) tantalum.

8. The method of claim 1, wherein the chemical vapor
deposition is plasma enhanced chemical vapor deposition,
metalorganic chemical vapor deposition, or plasma enhanced
atomic layer deposition.

9. The method of claim 1, wherein forming the damascene
opening is performed by photolithography or etching.

10. A method of forming a damascene structure, compris-
ing:

forming a damascene opening in a dielectric layer on a

substrate, wherein a surface of the dielectric layer has
free hydroxyl groups;

forming a barrier layer on the dielectric layer to cover inner

surfaces of the damascene opening;

depositing a repair layer on the barrier layer by chemical

vapor deposition using an organometallic compound
containing a central metal atom as a precursor gas,
wherein the central metal atom is Al, Ru, Co, Mn, or Ta,
and wherein the precursor gas adsorbed on the dielectric
layer exposed by defects in the barrier layer is trans-
formed to an insulating metal oxide portion, and the
precursor gas adsorbed on the barrier layer is trans-
formed to a metal portion;

forming a seed layer on the repair layer;

forming a metal layer on the seed layer to fill in the dama-

scene opening; and
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removing an upper portion of the metal layer, the seed
layer, the repair layer, the barrier layer, and the dielectric
layer to form a metal interconnect in the damascene
opening.

11. The method of claim 10, wherein the barrier layer is
made from a metal containing Co, Ru, Ta, or a combination
thereof, or a conductive ceramics, which is tantalum nitride,
indium oxide, copper silicide, tungsten nitride, or titanium
nitride.

12. The method of claim 10, wherein the organometallic
compound is AI(CH)3 or AI(C2HS5)3.

13. The method of claim 10, wherein the organometallic
compound is(tricarbonyl[(1,2,3,4-eta)-1,3,-cyclohexadiene]
ruthenium), triruthenium dodecacarbonyl, bis(ethylcyclo-
pentadienyl) ruthenium, bis(methylcyclopentadienyl) ruthe-
nium, or tris(acetylacetonate)ruthenium.

14. The method of claim 10, wherein the organometallic
compound is cobalt dicarbonyl cyclopentadiene, or dicobalt
hexacarbonyl tert-butylacetylene.

15. The method of claim 10, wherein the organometallic
compound is Mn2(CO)10.

16. The method of claim 10, wherein the organometallic
compound is pentakis(dimethylamino) tantalum, (tert-butyl-
imido) tris(ethylmethylamido) tantalum, tris(diethylamino)
(tert-butylimido) tantalum, or (tert-amylimido) tris(dimethy-
lamido) tantalum.

17. The method of claim 10, wherein the chemical vapor
deposition is plasma enhanced chemical vapor deposition,
metalorganic chemical vapor deposition, or plasma enhanced
atomic layer deposition.

18. The method of claim 10, wherein the seed layer is made
from Cu, Co, Al, Ag, or any combinations thereof.

19. The method of claim 10, wherein the metal layer made
from copper.

20. The method of claim 10, wherein forming the seed
layer is performed by sputtering or evaporation.
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